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Abstract: Flavonoids are plant-derived dietary polyphenols with major role as 
anti-oxidant and oxidative stress preventive molecules. Viola species (Violaceae) 
are medicinal plants used in traditional medicine for their anti-inflammatory, 
diuretic and expectorant properties. The aim of the study was to analyze the 
flavonoids from aerial parts of Viola arvensis Murray and V. declinata Waldst. et 
Kit. (Violaceae). The identification of compounds was made by high-performance 
liquid chromatography (HPLC) coupled with mass spectrometry (ESI-MS), 
whereas the quantitative determinations by spectrophotometric methods. Ethanolic 
extracts of the vegetal products were studied before and after acid hydrolysis. 
Isoquercitrin and rutoside were identified in both species before hydrolysis and 
quercetol and kaempferol after hydrolysis. 
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Introduction 
 
Various experimental investigations and human clinical studies have 
revealed the essential role of flavonoids in the economy of life. The 
pharmacological properties of these natural compounds have been 
investigated extensively in the literature. Despite the amount of promising 
evidence, some indigenous medicinal plants are less studied.  
V. tricolor, V. arvensis and V. odorata (Violaceae) are medicinal 
plants found in spontaneous flora of Romania. The aerial parts of Viola 
tricolor L. (wild pansy) are used for anti-inflammatory, expectorant or 
diuretic effects in traditional medicine. The herbal drug (Violae tricoloris 
herba) contains saponins, flavonoids, mucilages, salicylic derivatives, 
carotenoids, coumarins (Wichtl, 1994). Closely related to this species are V. 
arvensis and V. declinata, but their chemical composition is less studied 
(Fraisse et al., 2001; Carnat et al., 1998; Toiu et al., 2006). Aerial parts of V. 
126 
 
arvensis contain flavonoids (1.63-2.86%), mucilages (16.5-21.5%); salicylic 
derivatives (0.09-0.11%); tannins, cyclotides (Fraisse et al., 2001; Carnat et 
al., 1998; Claeson et al., 1998). Aerial parts of V. declinata contain 
flavonoids, polyphenol carboxylic acids, anthocyanins, proanthocyanins, 
saponins, mucilages, carotenoids (Toiu et al., 2006; Toiu et al., 2009).  
In order to analyze flavonoids from Viola arvensis and V. declinata, 
we performed a comparative study of the aerial parts of Viola species by LC-
MS and spectrophotometric methods. 
 
Materials and methods 
 
 Aerial parts of V. arvensis Murray harvested from Cluj County 
(Va) and aerial parts of V. declinata Waldst. et Kit. harvested from Alba 
County (Vd) were analyzed. The vegetal products were air dried and 
powdered in order to obtain the extracts. 
HPLC-MS analysis is based on an HPLC method previously 
described (Vlase et al., 2005; Fodorea et al., 2005). The initial method was 
modified and the most important change is the replacement of the potassium 
phosphate from the mobile phase with acetic acid (Vlase et al., 2013).  
Apparatus and chromatographic conditions: an HPLC HP 1100 Series 
binary pump, a Zorbax SB-C18 reversed-phase analytical column 100 mm x 
3.0 mm i.d., operated at 48oC was used. The mobile phase was a mixture 
methanol and acetic acid 0.1% (V/V), elution in gradient: started at 5% 
methanol to 42% methanol over first 35 minutes, followed by isocratic elution 
with 42% methanol over the next 3 minutes. The flow rate was 1 ml/min and 
the injection volume was 5 μl. For liquid chromatography (LC) – electrospray 
ionisation (ESI) mass spectrometry (MS) analysis an Agilent Ion Trap 1100 
VL instrument was used. The MS was equipped with Turbo-Ionspray 
(electrospray ionisation) interface, negative ion mode. ESI settings were: 
temperature 350ºC, gas: nitrogen, 70 psi. 
Extract preparation: 2g of powdered vegetal product was extracted with 
ethanol 70º for 30 minutes on a water bath, at 80oC. In order to study the 
flavonoid aglycones that can be obtained by hydrolysis we have mixed these 
solutions together with hydrochloric acid 2M and ethanol and the solutions 
were heated at 80oC for 30 minutes on the water bath.  
Detection: The flavonoids and their aglycones were detected at 370 nm.  
Standards: hyperoside, isoquercitrin, rutoside, myricetin, fisetin, quercitrin, 
quercetol, patuletin, luteolin, kaempferol, apigenin (Sigma-Aldrich).  
 Spectrophotometric determinations were made using a 
spectrophotometer UV-VIS JASCO V-530. 
127 
 
The quantitative analysis of flavonoids was performed using the 
method described by Toiu et al. (2016), and the results were expressed in rutin 
(%, g rutin/100g dry weight).  
 
Results and discussion 
 
The aim of our study was to investigate the content in flavonoids from 
Viola arvensis and V. declinata aerial parts, in order to evaluate the quality of 
other Viola species for potential medicinal applications.   
HPLC chromatogram for standards and their retention times are 
presented (figure 1 and table 1). 
Table 1 
Retention times for all standards 
Comp. 
no. 
Polyphenolic compound Retention time Rt (min) 
8. hyperoside 18.6 
9. isoquercitrin 19.6 
10. rutoside 20.2 
11. myricetin 20.7 
12. fisetin 22.6 
13. quercitrin 23.0 
14. quercetol 26.8 
15. patuletin 28.7 
16. luteolin 29.1 
17. kaempferol 31.6 
18. apigenin 33.1 
 
The analysis of polyphenolic compounds by MS detection  
These polyphenolic compounds contain in their molecule at least one 
phenolic function, so they can be transformed into negative ions (M-H) and 
they can be analyzed by negative ionisation. The spectrometer isolates the 
interest ions and then it fragmentates them, recording the MS spectra. The 
MS analysis mode and the specific ions from the mass spectra used to identify 
the compounds are presented in table 2. 
 
Table 2 
MS analysis mode and the specific ions for identification of flavonoids 
No. Compound 
MS analysis 
mode 
Specific ions for identification 
[M-H] Ion > Ions of spectra 
8. hyperoside AUTO MS** 463> 254.9, 270.9, 300.7 
9. isoquercitrin AUTO MS 463> 254.9, 270.9, 300.7, 342.8 
10. rutoside AUTO MS 609.1> 254.9, 270.9, 300.7, 342.8 
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11. myricetin AUTO MS 317.1> 136.6, 150.6, 178.6, 191.6 
12. fisetin AUTO MS 285>134.6, 162.6, 240.7, 256.7 
13. quercitrin AUTO MS 447.1>178.8, 300.7 
14. quercetol AUTO MS 301> 150.6, 178.6, 272.7 
15. patuletin AUTO MS 331>315.7 
16. luteolin AUTO MS 285>150.6, 174.6, 198.6, 240.7 
17. kaempferol AUTO MS 285>150.6, 256.7 
18. apigenin AUTO MS 269.2>148.6, 150.6, 224.7, 226.7 
**AUTO MS – the apparatus scans the mass of each compound from the 
mobile phase, it selects the main present ions, for which it automatically records the 
mass spectra.  
 
 The HPLC-MS chromatograms before hydrolysis and after 
hydrolysis for the ethanolic extracts from aerial parts of V. arvensis (Fig. 1a, 
1b) and V. declinata (Fig. 2a, 2b).    
                 
                               (1a)                                                              (1b) 
Fig. 1. LC-MS chromatogram of Va before hydrolysis (1a)  
and after hydrolysis (1b) 
 
                        
                              (2a)                                                              (2b) 
Fig. 2. LC-MS chromatogram of Vd before hydrolysis (2a)  
and after hydrolysis (2b) 
 
The identified flavonoids in ethanolic extracts from aerial parts of V. 
arvensis and V. declinata are presented in table 3. The obtained 
chromatograms before and after hydrolysis resemble very much and we can 
suppose that these compounds are C-flavonoids (resistant to acid 
hydrolysis), as these compounds were previously identified in Viola sp. 
(Wichtl, 1994). 
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Table 3 
The flavonoids identified in V. arvensis and V. declinata extracts 
Compound 
Va - bh/ah Vd - bh/ah 
Rt Rt 
Isoquercitrin 19.6 / 19.6 19.6 / 17.3 
Rutoside 20.1 / 20.2 20.1 / 20.2 
Quercetol - / 26.4 - / 26.4 
Kaempferol - / 31.4 - / 31.5 
          Note: bh - before hydrolysis, ah - after hydrolysis 
  
 In both herbal drugs we have identified isoquercitrin and rutoside 
before hydrolysis and quercetol and kaempferol after hydrolysis. The 
flavonoids are mostly glycosides of kaempferol and quercetol, these 
aglycones being identified only after hydrolysis.  
The concentration of total flavonoids determined in V. arvensis and V. 
declinata extracts (expressed as g rutoside/100g dry weight, %) is presented 
in table 4.   
Table 4 
Concentration of flavonoids in V. arvensis and V. declinata extracts (%) 
Species Flavonoids (g rutoside /100g dry weight) 
V. arvensis 1.57 ± 0.03 
V. declinata 1.46 ± 0.02 
Note: The results represent the average of three determinations 
 
 V. arvensis and V. declinata extracts contain bioactive compounds in 
good concentration with important therapeutic properties. No significant 
differences were found between the two Viola species concerning the content 
in flavonoids and the identified compounds.  
  
Conclusions 
 We analyzed the flavonoids from aerial parts of two medicinal plants, 
V. arvensis and V. declinata harvested from spontaneous flora of 
Romania by LC-MS and spectrophotometric methods. 
 Isoquercitrin, rutoside, kaempferol and quercetol were identified by 
HPLC-MS in both vegetal products.  
 Our results allow a better characterization of the herbal drugs with 
potential for useful applications in pharmaceutical industry; the two 
species could be used together as a valuable raw material. 
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